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Abstract
Louis Kahn’s Richards Medical Laboratories underwent a two-phased renovation (2013-2015 & 2019),
driven by University of Pennsylvania’s Century Bond program’s energy-saving objective. A national historic
landmark, a Modernism masterpiece and a heavy equipment-bearing facility, the building had to meet
satisfactory results for all the criteria as strict as possible: preservation, Modernism and sustainability.
Every Mid-Century rehabilitation project accommodates similar requirements, Richards’ renovation
provides a stringent example for others to reference upon. Thus a prudent review on what guidelines
suggested, architects and engineers proposed and executed, post-renovation data and findings yielded,
are crucial in forming a holistic apprehension. In Richards renovation, an upgrade on HVAC systems, an
evaluation on historic monolithic single-pane glass, and eventually repurposing the building are the major
renovation strategies. All of the strategies are for sustainability goals but also had to address specific
design intention and significance Kahn left. In parallel to Richards, two comparable case studies, Penn’s
Evans Dental Building renovation, also a Century Bond program project, and Yale University Art Gallery,
also rehabilitated Kahn’s single-pane glass, provided comprehensive information for complementary
purposes. The information induced could serve as an epitome for projects of similar context and
restrictions.
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Chapter 1: Introduction
1.1 Subject
This thesis evaluates the decision-making processes associated with the recent
renovation of the Richards Medical Laboratories, including the balance among
preservation, Modernism, and sustainability, through applicable guidelines, standards,
comparable cases and analytic tools, so as to comprehend and assess the reconciliations
and compromises made in the project. Based on the evaluation of those decision-making
drivers and their influences, this research aims to use the project to suggest a comparable
working process for decision-making in projects of similar context.

Hypothesis
There has not yet been a universal consensus on approaching the inevitable and
growing need for the sustainable renovation of buildings with Modernism features,
especially for the vast post-Mid-Century building stock. It is a challenge for modern
buildings of high historic or architectural values as well as for those with more generic and
homogeneous characters. In this particular case study, an icon of Modernism, the balances
achieved between the apparently conflicting demands of preservation and sustainability to
a certain degree resulted from stakeholders’ conversations and decisions. The decisionmaking flow could have unfolded in alternative results if the process had used an additional
or different set of values and tools were used in the process.
The Study assumes sufficient documentation on the renovation to remap the
decision-making process; a more comprehensive set of values and tools capable of
1

generating new information; post-renovation information, and comparable cases providing
a differing perspective.

Limitation
In the case of Richards, complete evaluation of the building’s pre- and postrenovation energy performance is limited by one significant factor: the energy meters were
only installed after the renovation had started, and the incomplete set of data somewhat
clouds a full specification. Moreover, the energy renovation was finished less than one year
prior to this thesis, so the post-renovation information is still limited. The actual energy
consumption data is limited due to not only the pre- data’s incompleteness but the postdata being uncalibrated. In order to supplement the actual data, simulation models were
made by the University’s Facility and Real Estate Services, but the range of deviation
should be recognized. Finally, another factor clouding the data is that the renovation
resulted in reprogramming the spatial use, and some use-specific tools do not apply to both
pre- and post-renovation.

Justification
Although the Richards Renovation is the main case study, the analysis will address
comparable cases to supplement the scope for a broader overview. These cases incorporate
similar challenges or solutions in certain aspects and establish a common basis for
conducting the research. Albeit the limitations, Richards is a rare chance to explore how
energy reduction could be the predominant driver of a renovation project on Modernism
buildings, while highly appreciating historic values.
2

1.2 Preservation, Modernism and Sustainability Relationship
As context for the main case study, understanding the concurrences and
contradictions among preservation, Modernism and sustainability principles and
applications is imperative. All three fields were formed and developed in the 20th Century
in their own trajectory, largely but not entirely disassociated from one another. In order to
discuss their concurrences and contradictions, it is constructive to compare one rationale
with another before describing the intersection of each within particular projects.

Preservation and Modernism
The relationship between preservation and Modernism is superficially clear yet
complicated. “Where traditional techniques prove inadequate, the consolidation of a
monument can be achieved by the use of any modern technique for conservation and
construction, the efficacy of which has been shown by scientific data and proved by
experience.” Article 10 of the Venice Charter said in the 1960s.1 Modernism buildings, or
extensively buildings of modern styles, have taken over cities around the world after the
mid-20th Century, constituting the vast building stock of almost the entire built urban
environment. Whether or not a Modernist building possesses historic or architectural
values, it is often a cultural asset overlooked.
Efforts to identify and preserve exceptional examples of Modernism had emerged
in the latter part of the 20th Century. For example, Docomomo International was founded
in the Netherlands in an effort to document and conserve important examples of the

1

IInd International Congress of Architects and Technicians of Historic Monuments, Venice, 1964.
https://www.icomos.org/en/participer/179-articles-en-francais/ressources/charters-and-standards/157-thevenice-charter/
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Modern Movement (1988). At national levels, it was typically less regulated until the turn
of the century. For example, the French Ministry of Culture created the list Patrimoine de
la XXe Siècle (Heritage of the 20th Century), separate and apart from its Monument
historique (1999), and its subsequent list of 2016, Architecture contemporaine
remarquable 2 (Remarkable Contemporary Architecture). Similarly English Heritage
drafted the document Post-Modern Architecture: Introduction to Heritage Assets3 (2017)
to include the nearer, lesser preserved 20th movement into consideration. For an
overarching document to proceed, ICOMOS-ISC20C published The Madrid Document in
2011, later revised and renamed Madrid-New Delhi Document in 2014 and 2017.4 This
document provides important guidance to national level preservation and directly to this
research as well.

Preservation and Sustainability
Preservation is often categorized as looking back, and sustainability forward. Still,
they unanticipatedly complement each other in their fundamentals. The historical roots of
sustainability strongly overlap with those of historic buildings: to respond to the natural
environment and live codependently.5 In architectural theories, the identification of the
origin of architecture is sometimes traced back to Abbé Marc-Antoine Laugier’s Essai sur

2

Label « Architecture contemporaine remarquable ». Ministère de la Culture. March 2017.
https://www.culture.gouv.fr/Aides-demarches/Protections-labels-et-appellations/Label-Architecturecontemporaine-remarquable/
3
Post-Modern Architecture: Introductions to Heritage Assets. December 2017.
https://historicengland.org.uk/images-books/publications/iha-post-modern-architecture/
4
Madrid New Delhi Document: Approaches for the Conservation of Twentieth Century Architectural
Heritage. November 2014. http://www.icomos-isc20c.org/madrid-document-archives/
5
Sowinski, Suzanne, and Rick Fedrizzi. A History of Sustainable Architecture: Design Fundamentals.
Philadelphia, PA: Eco Press, 2017.
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l’architecture (1755), with its memorable image of an allegorical Vitruvian primitive hut.
Architecture is built to mimic nature and provide shelter in such a rationale. From the
earliest buildings to those of concrete, the former attribute had been diminished.
Nowadays, the metric most strongly supporting the direct link between preservation
and sustainable design is perhaps the concept of embodied carbon emission. Embodied
carbon accounts for 50%-70% for the global carbon emissions by buildings, and buildings
contribute about half the total annual energy consumption.6 Therefore the choice to reuse
built structures is obviously to fulfill the 2030 Commitment and 2030 Challenge to achieve
global carbon neutrality.7
Besides embodied carbon, there are several other metrics showing the
environmental benefits of preservation, for example, lower Energy Usage Intensity (EUI),
landfill materials, even more job creation per dollar spent. 8 Even more broadly,
preservation strengthens community value more than a new building, and is more friendly
ecologically. Sustainability is not confined within the built environment but recognizes a
respectful relationship between built and natural environments. In the late 1960s, the US
passed the National Historic Preservation Act (NHPA, 1966) and the National
Environmental Policy Act (NEPA, 1970), the former resulting in National Register of

6

Pomponi, F., and Moncaster, A. “Embodied carbon mitigation and reduction in the built environment What does the evidence say?” Journal of Environmental Management 181. (October 2016), P. 687-700.
https://doi.org/10.1016/j.jenvman.2016.08.036
7
“The 2030 Challenge” was proposed by the non-profit organization, Architecture 2030, asking
architecture, construction and building professionals to ally with one another in the goal to make all new
and renovated buildings carbon-neutral by 2030. The American Institute of Architects (AIA) responded to
the non-profit organization’s claim with “The 2030 Commitment Program”, setting numeric references for
American firms to follow in order to achieve data-driven sustainable results.
8
Stein, Carl J. Greening. Modernism: Preservation, Sustainability, and the Modern Movement. New York:
W.W. Norton & Co., 2010. P. 83.
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Historic Places (NRHP) and the latter in the Environmental Protection Agency (EPA).9
These two seeming independent laws are in fact closely related: as said in the National
Environment Policy Act, “preserve important historic, cultural, and natural aspects of our
national heritage”, is cited by the National Park Service in its Cultural Resource
Management Guideline.10

Modernism and Sustainability
Modernism yields rich philosophical and analytic grounds for architecture and
urban design, and surprisingly for sustainable design as well. In the first Congrès
internationaux d’architecture moderne (CIAM) in 1928, a urban scale grid was developed
in response to quality of life, transportation, recreational space, publicness and so on.
Although the ecological environment was not explicitly considered in the early 20th
Century, but the importance in Modernism is recognizing human scale, value and needs,
providing a framework to interpret the larger environmental context.11 It is unreconcilable
to ignore the challenges in preserving Modernism buildings, which were built in a largely
homogeneous manner, irrelevant to their genius loci, and consuming more energy than preWWII structures. These challenges nonetheless could be viewed as platforms to flip the
disadvantages and maximize the great value in “greening” them. As mentioned earlier, the
vast Modernism building stock is a potential asset to reducing embodied carbon drastically,

9

Young, Robert A. Stewardship of the Built Environment: Sustainability, Preservation, and Reuse
(Metropolitan Planning Design). Island Press, 2012. P 22.
10
NPS-28: Cultural Resource Management Guideline. Appendix B: Laws, Regulations, and Orders.
National Park Service. August 2002. https://www.nps.gov/parkhistory/online_books/nps28/28appenb.htm
11
Stein. Greening Modernism. P 248.

6

if they went to undergo sustainable preservation. Every sustainable preservation project
should engage vigorously to reconnect context, surroundings, and climate.12

Preservation, Modernism and Sustainability Tools
The decision-making process in a project is crucial to its outcome. With different
drivers and analysis tools, there could be very different results. What is most challenging
is to compare qualitative and quantitative attributes and conclude a feasible
recommendation. That said, there could not be an universal algorithm for all sites, since
each has its own leverages and obstacles. But a comprehensive evaluation and induction is
the goal to summarize and act on the relevant attributes.
The scope of this research shall utilize but not be restricted to the following
documents: Madrid-New Delhi Document, ASHRAE Standards, LEED Rating Systems.
With the guidance and site-specific analyses, the research is intended to holistically and
minutely observe the renovation process and its adherence to the three categories of
preservation, Modernism, and sustainability.

12

Elefante, Carl. “Renewing Modernism.” Places 20:1 (2008), P. 44-51.
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Chapter 2: Brief History
2.1 Background and Context
A government grant fostered the design and construction of the Richards and
Goddard Buildings. This grant required the project to be conducted in a timely manner,
compared to the more typically lengthy process in regular cases of campus construction.
The grant was secured by then Vice President for Medical Affairs Dr. Norman Topping,
whose federal connections made it possible under the Heath Research Facilities Act of
1956. 13 Outgrown from a new wing for the John Morgan building of the School of
Medicine, the project eventually became its own building complex. Louis Kahn was
recruited under the influence of then Dean of the School of Fine Arts George Perkins.
Perkins recommended Kahn to Topping to be the new wing’s project architect.14 During
construction, before the project was even finalized, Kahn’s design was already raising
questions from the School of Medicine, due to various reasons: the grant’s requirement for
speed, change of administration due to Topping’s departure, the internal disputes among
five departments allocated spaces within the new building, the high cost proposed in initial
proposals15, and Kahn’s inexperience with the building type. The series of consequences
led to the misalignment of architect’s intents and occupants’ needs, and evidenced by the
almost immediate and constant minor interior refurbishment campaigns and, eventually,
the recent overall renovation that is the subject of this thesis.

13

“National Historic Landmark Nomination of Alfred Newton Richards Medical Research Laboratories
and David Goddard Laboratories Buildings.” United States Department of the Interior, National Park
Service. January 16, 2009. P. 23-24.
14
Ibid. P. 27.
15
Brownlee, David Bruce, and De Long, David Gilson. Louis I. Kahn: in the Realm of Architecture. Los
Angeles: Museum of Contemporary Art, 1991. P. 325.
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2.2 Design, Function and Significances
For the purpose of illustrating this thesis’ discussion on the historic significance
involved in the Century Bond renovation, only what are considered pertinent to the
following chapters are introduced here, for the sake of avoiding reiterating the vast
literature concerning Richards’ importance.16
The construction commenced in 1957, and the whole complex including Richards,
Goddard and their landscape was not finished until 1965. Still the building’s significance
was already recognized: in the summer of 1961, a dedicated exhibition took place in the
Museum of Modern Art in New York City. The assistant director in the MoMA Department
of Architecture and Design Wilder Green wrote “ […] probably the single most
consequential building constructed in the United States since the war. It is simultaneously
a building and a manifesto.”17 In contrary to how heated the discussion there was internally
in the University of Pennsylvania, or specifically the School of Medicine, the praise
received in the architecture field was grand.
The Richards and Goddard Building are two connected laboratory and classroom
buildings. The University of Pennsylvania considered these as two buildings since they
were planned and administrated by, respectively, the School of Medicine and the School
of Arts and Science. Moreover, in later chapters, the energy meter data to those two schools
are separated to their own set as well.

16

Prime examples included Teitelman, Edward, and Richard W. Longstreth. Architecture in Philadelphia:
A Guide. Cambridge: MIT Press, 1974., McCarter, Robert. Louis I Kahn. London; New York: Phaidon,
2005., and others in the bibliography.
17
“Louis I. Kahn Architect Richards Medical Research Building.” Museum of Modern Art Bulletin 28:1
(1961). P. 3.
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The design team for the buildings was the architect Louis Kahn, the landscape
architects Ian McHarg and George Patton, the structural engineers August Komendant and
Keast & Hood, and mechanical engineers Fred Dublin and Conheim & Weger.18 For what
is concerned in the thesis, besides Kahn’s architectural feats, the carefully designed
structural and mechanical systems intertwining the heralded concept of the “served” and
“servant” space are credited to Kahn and the engineers named above.

Served and Servant Spaces

Fig. 1: Typical schematic floor plan, colored and labelled by the author (Jordy, 1986) 19

18

National Historic Landmark Nomination. P. 4.
Jordy, William H., American Buildings and Their Architects. New York: Oxford University Press, 1986.
P. 394.
19

10

Given limited land, Kahn had to fit the vast program into the site by using the
vertical dimension. The form followed function in this Modernism iconic piece, Kahn
divided the spaces into “served” (green) and “servant” (red) (See Fig. 1). A series of
fenestrated towers for laboratories, the “served” towers, adjoined by two to three mostly
windowless, slender, taller towers, the “servant” towers. The “served” towers emphasize
horizontality of interconnected open space, and the “servant” towers are emphasized for
verticality of systems, housing elevator, stairs, HVAC, electricity, plumbing systems
schematically.20 For its HVAC systems, the air intake is centralized within Tower C, the
only bulkier “servant” tower, and then distributed to then Tower A, B, and D.

20

Ibid. P. 393.
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Vierendeel Beam System and Open Plan

Fig. 2: Assembly diagram of the skeletal framing (Jordy, 1986) 21
The load-bearing structure of the building relies on Vierendeel trusses and Hshaped columns. The structural system is assembled with pre-fabricated, pre-tensioned,
and post-tensioned reinforced concrete elements, 22 intertwined in a way resembling East

21
22

Ibid. P. 404.
National Historic Landmark Nomination. P. 28.
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Asian wood mortise and tenon (See Fig. 2). In contrast to the load-bearing system being
pre-fabricated, the solid walls of the “servant” towers were poured-in-place concrete.23
Thanks to the “servant” towers, the laboratory areas were completely free of
vertical utility pipes, including only horizontal ones running within the Vierendeel truss’s
ceiling structure. Kahn anticipated that scientists would enjoy the open plan and natural
daylight, and spontaneously use the four glass-bounded corners to collaborate and work
more deeply than in more traditional laboratories. However, the strong daylighting, the
lack of privacy, and too few walls to lean equipment onto led the scientists to add partitions
almost immediately.24

23
24

American Buildings and Their Architects. P. 402.
Ibid. P. 395.
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Building Envelope

Fig. 3: Koolshade blinds 25
Kahn designed glass-bounded corners for scientists to enjoy sunlight as well as to
showcase scientific work to the exterior as the building is illuminated at night. However,
the strong glare was not mitigated by Kahn’s tinted glass and Koolshade Venetian blinds

25

Louis I Kahn Collection, The University of Pennsylvania and Pennsylvania Historical and Museum
Commission. Photograph by Cervin Robinson.

14

(See Fig. 3). 26 The inefficiency of the building envelope in glare control was noticed
significantly from the very beginning, although architecturally Kahn mastered his façade
dominated by monolithic, flat, thin single-pane glass with minimal frames, after his several
previous editions (See Appendix B).

Significance
From what are mentioned above, the significance of the building lies beyond
architectural design spatially, encompassing the carefully articulated structure and utility
systems, and the technology advancement achieved with large-pane façades. These
architectural, structural, material, and mechanical decisions made Richards a pioneering
icon of Mid-Century Modernism. Therefore, these features might be challenged
pragmatically during the renovation, their intangible values were heavily considered
nonetheless.

26

American Buildings and Their Architects. P. 396.
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Chapter 3: Renovation
3.1 Century Bond Program
In 2009, The University of Pennsylvania introduced its Climate Action Plan (CAP),
the first in a succession to date of what are now three five-year plans, for the institution to
establish its position and approach to addressing environmental concerns now and in the
future. In 2012, in the midst of this initial five-year plan and in support of it, the university
issued a Century Bond, raising 300 million dollars. As soon as the bond was issued, the
university put aside enough money from the proceeds as soon, into an interest-bearing
untouchable account to ensure the 300 million dollars would be available, from
compounded interest, to repay the full principal amount in 100 years, hence the name
“Century” Bond. Other institutions had previously issued Century Bonds, typically to retire
debt at a more favorable and/or predictable rate, or to finance large new construction
projects. The University of Pennsylvania’s particular Century Bond structure allowed
flexibility on how the capital could be utilized and reused during the 100 years period, and
thus maximizes the quality and/or number of qualifying projects it propels. The University
of Pennsylvania is the first institution to have issued a Century Bond in this way, to finance
projects where deferred maintenance and energy conservation converge, using energy
savings to pay the interest.
At a yield rate of 4.674% for 100 years, an unprecedented low interest rate for such
a bond issued by university, it also enhanced financial predictability and long-range
planning. The surge of capital allowed the university to fund capital projects – “deep

16

renovations”, pertinent for both immediate and long term needs.27 The fund was mobilized
to renovate aged campus buildings, responding to the CAP agenda to reduce the
university’s carbon footprint. Penn’s 2012 Century Bond was such a success benefiting the
goals of the CAP that the university issued its second round of Century Bond in 2019, at
the even lower rate at 3.61%.28 In the second round, the capital addresses more broadly
across project types, beyond being solely reserved for energy conservation and deferred
maintenance projects.
In Penn’s initial Century Bond, two thirds of the fund, 200 million dollars, was
directly earmarked for energy efficiency. Lighting retrofits accounted for 5% of said fund,
10 million dollars, and HVAC systems for the remaining 95%.29 The resulting pool of 190
million dollars allowed Penn’s Facility and Real Estate Services (FRES) to strategically
manage and spend on deferred maintenance and energy saving projects across the campus.
To prepare, FRES, with the assistance of an engineering consultant, and building on prior
studies by Penn’s TC Chan Center, now the Center for Environmental Building Design,
completed a comprehensive survey based on these two basic criteria to identify the outlier
buildings consuming more energy proportionally. Seventeen buildings were selected to be
investigated further, based on their age, energy use, HVAC configurations, and
programmatic use for recommending of upgrades, with cost estimates and projected energy
savings.

27

Gimelstein, Shelli. “Penn Sells First Ever 100-Year Bond.” The Daily Pennsylvanian. April 5, 2012.
https://www.thedp.com/article/2012/04/penn_puts_aside_300_million_to_modernize_buildings/.
28
Book, Joakim. “The Return of Century Bond”. American Institute for Economic Research. September 5,
2019. https://www.aier.org/article/the-return-of-the-century-bond/
29
“Powering Down – Century Bond”. Penn Sustainability. February 12, 2016.
https://www.sustainability.upenn.edu/news/power-down-century-bonds/
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Based on the study, FRES worked with owners, i.e. schools and centers, and
occupants, i.e. faculty and researchers, to seek collaboration to move forward. Eventually
nine existing buildings were chosen to receive Century Bond funds for rehabilitation. These
buildings had been the steady source of a high amount of service orders, since they housed
aged HVAC systems, in most cases approaching if not past their service life, and inevitably
high energy usages. 30 The benefits of the Century Bond could also be matched with
optional supplemental capital from schools and centers, at their discretion, to combine
resources so as to enable these rehabilitation candidates to have a holistic renovation
beyond deferred maintenance and energy conservation, for example, by enhancing public
spaces and other programmatic uses.
Among the nine initial candidates, most of them were not only buildings enduring
aged HVAC systems but also laboratories with heavy-energy consuming equipment. As
expected, older science building and their systems are naturally often the biggest energy
consumers. After Stemmler Hall, one of the largest medical laboratory buildings on campus,
the Richards Laboratories received the second highest amount of Century Bond funding
for its comprehensive and long overdue renovation.31 The Century Bond not only came in
time to resolve the unrequited funding for updating outdated systems, but also eased the
looming risk to the research being undertaken in the selected science buildings.
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3.2 Pre-renovation Condition
In between the Richards Laboratories being built and renovated, some inevitable
changes took place gradually and steadily, in a typically localized approach inside the
building, in response to particular research needs. Within this span of time, campaigns of
multiple scales occurred in the Richards Laboratories, as it is common for scientific
research buildings to undergo repeated and often localized renovations. These campaigns
were typically minor, sectional and often reversible, except to the extent they were deeply
interwoven with the original fabric. According to those projects documented in FRES
archives, they took place primarily in the 1980s and 1990s. It is attributed as an original
design defect that Kahn underestimated the need for privacy of researchers as opposed to
open office spaces. Changes had to be made throughout for occupants’ needs as well when
evolving technology enabled new scenarios.
Because of Kahn’s inexperience in designing a laboratory building, or a major
project other than the Yale University Art Gallery, some fundamental imperfections were
present as soon as the project was finished.32 Kahn believed functionality in space is crucial
and he envisioned a design that would engage researchers to communicate and use the
studio as a communal space. The School of Medicine, the occupants and users of the
facility, was hardly consulted during design, due to the speed of the project, and did not
approve of the open plan with adjustable partition layout by Kahn, similar to his design in
Yale University Art Gallery. 33 The difference in architect’s and occupants’ desire in
laboratory usage led from spatial dissatisfaction directly to minor renovations or
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constructions,

34

as early as in the 1970s, including adding dropped ceilings to

accommodate full height fixed partitions, or using shelves to autonomously segment user
spaces.35
The use of large expanses of single-pane glass (See Appendix A, Fig. 4, and
Appendix B) is a visually-compelling and significant aspect of the Richards Laboratories
and to many of Kahn’s early designs – inherent to the character, for example, of his
previous Philadelphia’s Coward Shoe Company (1947) and Yale University Art Gallery
(1953). However, in the mid-20th Century, the fabrication technology and overall
performance of such large pane windows was still in an exploratory realm to the architects.
As a result, material property issues emerged after use. First and foremost, for over half
century, the large pane windows had reached their capacity in enduring constant lateral
wind load. And since the glass is thin single-pane, thermal insulation was revealed as a
problem from the beginning. Moreover, thermal bridging, caused by the continuity of metal
frames from exterior to interior, caused interior condensation, resulting in unwarranted
vapor presence. Window frames did not stop air and water infiltration either, so that not
only the interior microclimate was compromised, but the frames themselves were stained,
corroded and distorted.36
Besides the physical properties being so compromised, the severe glare interfered
with the scientists’ work. Even though Kahn utilized blue-tinted glass coating on the
clerestory windows facing higher solar radiation sides, he failed to adequately prevent glare

34

Ibid. P. 108.
Ibid. P. 114-116.
36
EYP. “University of Pennsylvania, Center for Cognitive Neuroscience, Richards Medical Research
Laboratory, Feasibility Study.” July 27, 2012.
35

20

problems. Such a deficiency was considered as insignificant by Kahn compared to the
streamlined and visually expressed distribution of pipes and ducts in his design.37 One
other argument is that Kahn believed researchers would be enchanted by the natural-lit
laboratories and enjoy the marvelous views to the Penn campus.
In fact, researchers occupying the building did not uniformly agree with Kahn’s
expectations. Many resorted to using the infamous tin foil, blinds, or bookshelves to
mitigate offending light levels. To Kahn’s defense, he had in fact envisioned designing a
large pane window with an adequate but not excessive amount of natural light, good
thermal resistance, and a clear panorama view.38 It was partly that 1950s technology failed
him. Kahn installed Koolshade initially (See Fig. 3). However, occupants complained
heavily about the interference with views. The blinds did not accomplish Kahn’s
expectations, and were eliminated for cost-cutting reasons.39
The interaction of structural and mechanical systems was Kahn’s major design
driving-factor for Richards. The original HVAC system deployed Air Handler Units (AHU)
for each tower, supplied by outdoor air shafts expressed on the exterior. The shafts and
ductworks within defined the spatial sequence of the four towers.40 As a wet laboratory
facility, the other major HVAC system was the ducted air system exhausting from the fume
hoods in the laboratories. The arrangement of ducts responded to the laboratory facility
layout specific to each floor. They were integrated within the Vierendeel trusses and ended
at service shafts. Kahn’s design intent was to weave vertical distribution flexibly via the
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horizontal voids within the Vierendeel trusses. However, constant renovation campaigns
added onto these distribution spaces and eventually outgrew them.
Besides replacement of parts of the chilled water and AHU systems in the 1990s,
most of the existing systems before the Century Bond renovation had not been altered since
the building was built in 1962. The service life of its systems was 20-30 years, therefore it
was a latent risk to reach their functioning capacity.41
Other than the glazing and the HVAC systems, other issues were identified, for
example the structural member material movement, and material losses on the opening
frames and exterior concrete finishes, all of which not only jeopardized the building
performance but diminished historic fabric integrity to varying degrees. The pre-renovation
condition was chronic and latent and became increasingly visible and risky to the scientific
research being conducted in the building. Rather than piecemeal campaigns, only a
comprehensive plan could honor Kahn’s original intents and the best performance of the
systems. 42 As a result, the building was an ideal candidate for an overall renovation
combining energy conservation measures with deferred maintenance, interests aligned with
the Century Bond Program. Of all the Century Bond projects, this was the only one directed
at a building of recognized architectural and historical significance. Richards is one of only
two National Historic Landmarks on the campus.
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3.3 Renovation Processes
Fifty years marks a criterion for eligibility to be listed on the National Register, and,
coincidentally, a point when HVAC systems typically have hit or exceeded their
anticipated service life and call for an rehabilitation. Fifty years after 1961, when the
Richards Medical Laboratories opened, a rehabilitation project in Richards was proposed
to the School of Medicine.43
The University of Pennsylvania initially commissioned Einhorn Yaffe Prescott,
Architecture and Engineering (EYP) in early 2012 to conduct a feasibility study for
Richards, in order to repurpose parts of Towers C and D for the Center for Cognitive
Neuroscience (CCN), under a grant from National Institute of Health. In the original
proposal, the project scope was limited to the building entrance, two to three higher floors
in Towers C and D, and the glazing performance in the said towers.44
EYP investigated the building history, design intent, current building condition,
original HVAC systems design, existing HVAC systems, and prior alterations. Their
investigation was performed during the first half of 2012. In its final product of July 2012,
EYP recommend glazing, lighting, HVAC and partition programming options to the school.
Meanwhile, under the premises of Century Bond Program funding, FRES had hired
engineering firms to study the feasibility of campus buildings’ potential for renovations
based energy performance benefits. The array of feasibility reports yielded a basis for the
university to funnel Century Bond funding towards the appropriate candidates, with the
goal of prioritizing a list of candidate buildings for the “deep renovations” that the Century
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Bond enabled.45 In May 2013, RMF Engineering presented a feasibility report on campuswide HVAC systems renewal to the University of Pennsylvania. The purpose of its set of
feasibility studies was to determine whether the existing HVAC systems might continue in
their current functioning, and to identify options towards reduced operational carbon
emissions. The eventual goal was to install energy-efficient HVAC systems for
optimization. The criteria to evaluate proposals were energy saved, costs for new
equipment, payback life cycle cost analysis (LCCA), and operational carbon.
RMF used eQUEST energy simulation to construct building models of existing and
proposed conditions. For its Richards report, RMF only considered the two towers of Phase
1, i.e. towers C and D.46 RMF proposed three occupancy levels paired with three HVAC
systems options: Variable Air Volume (VAV)/Demand Controlled Ventilation,
VAV/Energy Recovery, Chilled Beam Dedicated Outside Air System (DOAS).47 In this
report, RMF suggested the best option, using chilled beam systems installed in an
unoccupied construction phase, would save 73.16% annually in energy and maintenance
bills, and the payback LCCA would be 9.5 years.48 The same proposal would reduce energy
cost by 47.28% annually, according to the simulation.49
With the Century Bond funding, EYP was commissioned to return as the Phases 1
& 2 architect to renovate Towers C and D in their entirety, implementing RMF’s
recommended Chilled Beam HVAC system, with Urban Engineers and Heintges among

45

Zarynow.
RMF Engineering. “University of Pennsylvania Campus Wide Facility Infrastructure Renewal
Mechanical (HVAC) Feasibility Study, Richards Building.” P. 4.
47
Ibid. P. 6.
48
Ibid. P. 7.
49
Ibid. p. 8.
46

24

their consultants. The scope of Phases 1 & 2 thus grew well beyond what EYP’s initial
feasibility study had suggested, including entrance, lobby, testing rooms, offices, HVAC,
lighting and glazing systems.50 Phases 1 & 2 were finished in fall 2015, and for the purpose
of continuity of future work and the imminent Phases 3 & 4 renovation, EYP compiled
custom design and preservation guidelines for the Richards and Goddard Laboratories.51
Atkin Olshin Schade Architects were then selected as the architects for Phases 3 &
4, for renovating of Towers A & B. Using EYP’s guidelines and mechanic specifications,
most of their team’s intervention design was consistent with the prior EYP work.52 RWDI
(formerly The Façade Group) served as the envelope consultant in the latter phases,
following Heintges specifications.53 With the specification, RWDI reviewed the Phases 1
& 2 work and compiled their recommendations to Atkin Olshin Schade Architects (AOS)
in the beginning of construction.54 Phases 3 & 4 of Towers A and B were concluded in
early 2019.
As of this writing, there is not yet a post-construction analysis encompassing all 4
phases, which would provide a critical opportunity for this thesis research to review all the
work holistically. To address the gap, the author has supplemented the data available from
Penn with his own building simulations (See Chapter 5.3, and Appendix A, Fig. 11-16 and
Tables 13-14).
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Chapter 4: Comparable Cases
4.1 Century Bond Program – Evans Building, School of Dental Medicine
History
The Thomas W. Evans Museum and Dental Institute (Evans Building) is one of the
buildings that comprise the University of Pennsylvania’s School of Dental Medicine.
Evans Dental connects to the Robert Schattner Center and houses The Leon Levy Dental
Medicine Library (Levy Dental Library). The Evans Building, a four-story structure, was
designed in 1912 by architect John T. Windrim. The building was conceived in Dr. Thomas
W. Evans’ will, who upon his death funded a dental institute on the site where his family
home once stood, at the northwest corner of 40th and Spruce Streets.55
Dr. Thomas W. Evans (1823-1897) was a Philadelphia-born dentist practicing in
the courts of the Second French Empire (1852-1870) in Paris. Beyond a medicine
practitioner, he also advised Napoleon III on international matters concerning the United
States. Dr. Evans was a pillar of the Parisian-American expatriate community at the time,
engaging in philanthropical matters. In 1870, at the fall of the Empire during the FrancoPrussian War, he aided Empress Eugénie to flee the Tuileries Palace to find refuge in
England. Dr. Evans left his European establishments and returned to Philadelphia in his
last years.56
It was found that his accumulated assets from Europe were not enough to fund the
new institute, envisioned in his will. However, with the University of Pennsylvania’s
cooperation, a new building for The Evans Institute was constructed in 1915, 18 years after
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Dr. Evans’ passing.57 The building was in the then-fashionable Collegiate Gothic style,
with a central tower housing the library on the second floor with a large sunlit window (See
Appendix E).
The Evans Building is over 100 years old, the oldest among the three buildings that
now comprise Penn Dental Medicine. It bears Dr. Evans wish to be “not inferior to any
already established”,58 and thus it was the best-equipped dental school in the US at its time.
Its significance in American dental history is pivotal and it continues in the same use until
today. Although the building is not listed in either the National or Philadelphia Register of
Historic Places, 59 it is listed in the highest category of significance in the university’s
internal culture resource inventory. Therefore it was institutionally recognized as the
university’s responsibility to steward the preservation and rehabilitation of the building
under its own administrative guidance.

Renovation Background
The Evans Building had a major addition in the 1960s, which placed a new location
for the dental library in its original courtyard, and installed a Variable-Air-Volume (VAV)
HVAC system on the roof of the 1960s addition. Before VAV was installed, Evans was
using only radiator heating and operable windows for interior environmental control. In the
2010s, the VAV system hit its average HVAC expected service life of 50 years. Under the
university’s Century Bond Program, an opportunity was present to replace the system. For
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the Dental Medicine School, this opportunity also enabled a more comprehensive
renovation incorporating significant programmatic changes, in both the pragmatic and
symbolic sense, timed to celebrate, in 2015, the centennial of its dedication. For practical
reasons, the school asked for the renovation project to include reprogramming, initially
limited to the lower concourse but later encompassing most spaces across Evans.

Renovation Proposal and Justification
As previously discussed in chapter 3, the University of Pennsylvania commissioned
RMF Engineering to perform a campus-wide feasibility report on renovating HVAC
systems - especially those known to be approaching if not beyond their expected service
life, and especially those in buildings with intensive energy requirements. The
recommendations in the RMF reports were based on energy savings calculated in RMF
simulations, as well as from external cost estimation, FRES guidance and the needs
outlined by Penn Dental Medicine. In its Evans report,

RMF employed eQUEST

simulations, considering building programs, building envelope, occupancy, maintenance
and operating costs, energy savings compared to pre-renovation conditions and carbon
footprint. RMF modelled as alternatives using Variable Air Volume (VAV) systems,
VAV/Demand Controlled Ventilation systems, and Chilled Beam, and recommended
VAV/Demand Controlled Ventilation systems based on the fastest payback period.60
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The Evans Building Centennial Renaissance project, under then Dean Denis
Kinane and the school’s leadership, secured 37 million dollars to fund the renovation,61 of
which two thirds came from the Century Bond Program, with the remainder from Penn
Dental Medicine’s fundraising.62 Ballinger was consulted in 2014 and commissioned for
the project, which took place in 2015-2017. In Ballinger’s work for the Century Bond
renovation, the scope developed from the lower concourse, where the most urgent
interventions were necessary, and expanded to other areas in Evans, for example, the
library and the Main Hall (See Appendix A, Fig. 5-6, and Appendix E). Ballinger designed
the HVAC systems updates and managed to keep them hidden from sight. The updates
including systems such as perimeter heating, lighting, sprinkler, and spaces including the
library, conference rooms and offices. Although Ballinger’s renovation was not a complete
overhaul, still it was comprehensive enough in its extent. Although it was energy-driven,
Ballinger’s campaign’s scope was limited to reprogramming and new HVAC systems to
optimize building performance as a whole, but they did not address the building envelope
other than some material refurbishment.63
After Ballinger’s work, Ewing Cole was commissioned to renovate the main clinic
in the Evans Building and to construct a new addition, Schattner Pavilion, made possible
with the support of Dr. Robert Schattner who contributed 15 million dollars.64 Concerning
renovating the main clinic in the Evans Building, RWDI assisted Ewing Cole in insulating
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the historic building envelope, including heavy masonry roofing, glazing, and walls.65 In
the renovation, the work included recreating the Main Clinic’s dramatic large pane
windows using high-performance material options and custom muntin profiles closely
resembling their historic counterparts; and remodeled historic ceiling visuals inspired by
historic photos, while sealing the new roof for environmental purposes.66 According to the
building manager of Evans, almost all rooms but the mechanical rooms were updated either
by Ballinger, Ewing Cole, or within the decade before these two renovations. With the
HVAC systems updated, and the lower concourse, the library, main hall, and main clinic
all renovated, the rehabilitated building itself felt like a brand-new building to the faculty
and staff alike.67
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4.2 Louis Kahn’s Earlier Institutional Work –Yale University Art Gallery
History
The Louis Kahn Building, finished in 1953, is the newest among the three standing
interconnected Yale University Art Gallery (YUAG) buildings, the others being the
Egarton Swartwout Building and Street Hall. YUAG was founded in 1832, housed in the
now non-existent Picture Gallery, designed by artist John Trumbull, whose paintings were
the first collection it held.68 In the 1950s, under Architecture Department Chair George
Howe’s recommendation,69 Louis Kahn designed the addition to the Swartwout Building,
a 1928 structure with Florentine elements.70 Kahn was one of the first to build Modernism
on Yale campus, under President A. Whitney Griswold’s agenda.71
In this building, his first significant commission, Kahn showed ambition and vision
in deploying character-defining features such as its plan, cast concrete tetrahedral-form
ceiling, HVAC integration with ceiling, and clear distinction in masonry and window
façades. The serenity of this building reflects Kahn’s pilgrimage to Italy before the
construction, in particular his response to fundamental qualities of Roman architecture.72
The building was not only used as an art gallery, before Paul Rudolph’s Art and
Architecture Building was finished in 1963, but also served as home of Yale’s Art and
Architecture department. Its flexibility suited drafting studios fairly well, for its open plan
for the galleries, and its full height ceiling and sunlit curtain wall. However, as early as in
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its years of use as architectural studio, occupants started to insert their own partitions. After
the architecture department moved out, similar spatial challenges were faced in gallery
rooms as well.
The first major commission of Louis Kahn, this building set the architectural
language of Kahn’s early mature works:
The building exterior reflects the International Style in its use of simplified masonry
planes for the south wall, contrasting with glass curtain walls on the west and north
elevations and at the east-facing entry wall. This refined detailing contrasts with
the bold sense of weighty geometry experienced at the interior. The Yale Art Gallery
came to epitomize Kahn’s blend of Modernist functional thinking, Beaux-Arts
planning, and his unique language of form evoking ancient forms in an abstract
Modernist vocabulary. 73
Being the first Modernism building on the Yale campus, its significance goes
beyond the building itself, but as well towards informing the Mid-Century campus master
plan, enriching the campus appearance and planning attitude for the next two decades,
while setting an elegant precedent of blending International Style with Beaux-Arts
principles, and with innovative designs, such as the curtain wall façades.

Renovation Background
Twenty years after the YUAG Kahn Building, it had an auditorium addition
designed by Herbert Newman. About the same time, Louis Kahn designed his second work
for Yale, the Yale Center for British Art (Mellon Center), right across Chapel Street. Less
than five years after the Mellon Center was finished, both YUAG and Mellon Center were
documented in the Connecticut Historic Commission’s Historic Resources Inventory in
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1980, recognizing their Modern impact on the New Haven and Yale cityscape. 74 Both
buildings underwent a decade-long renovation in the 2000s, started in 2006 for the YUAG
by Ennead Architects (then Polshek Partnership), and in 2008 for the Mellon Center by
Knight Architecture.
At the YUAG, several factors initiated the 2006 renovation, first being the change
of programming. The use of an art gallery did not change in whole, but additional space
was needed for the expanding collection and for more diverse art forms. The second major
reason to renovate was common to most Mid-Century Modernism buildings – the service
life of its HVAC systems had deteriorated to a certain degree. The original system deployed
only a single air handler unit per floor, completely limiting any flexibility for sub-zoning.
The third and most pressing issue was the glazing envelope. As an art gallery, interior
microclimate is crucial to the nature of art work conservation. Due to the early time this
quasi-curtain wall was designed, its problems emerged upon its completion in the mid-20th
Century. The high Window-to-Wall Ratio caused high thermal transmittance and led to
drastic fluctuating temperature and relative humidity in the interior. Condensation became
more and more problematic as the building aged, with concern for its impact on the art
within. Thus, a glazing rehabilitation was high on Ennead Architects’ agenda.75

74
75

New Haven Modern Architecture, New Haven Preservation Trust. http://newhavenmodern.org/
DesBrisay.

33

Renovation Proposal and Justification
Because of the significant deterioration and advancement in art conservation, Yale
decided as early as 1994 that the building required a major rehabilitation. Prior to the
rehabilitation construction, Ennead Architects was responsible for both an extensive master
plan for the Yale Campus Arts Area from 1995 to 1998, and a design study for the three
YUAG buildings from 1998 to 2000. Ennead came back to conduct a $44 million
rehabilitation of the Kahn Building from 2000 to 2006.76 In the rehabilitation, Ennead had
to address three fundamental requirements: transition a building of school and museum to
a single-purpose building; implant new HVAC systems without compromising the
character of its monolithic concrete walls; and ameliorate the glazing performance while
preserving character-defining visuals.
The newly installed Air Handling Units were custom made and reused the cast-inplace ductwork in the tetrahedron ceiling. To address the problem of uneven distribution
of air, the dampers were renewed to accommodate more precise air distribution.
Responding to the delicate microclimate required by art conservation, electronic-controlled
dehumidifying activates when relative humidity exceeds a certain percentage. The
architects and the engineering team fabricated a new double-pane IGU system replacing
the original single-pane glass, with the intent to imitate the original mullion profile and
glazing colors with extensive study and labor, according to Yale’s internal requirements,
as the building is not designated.77 For the new frame, which matched visually but not in
material, the envelope consultant recommended aluminum instead of steel for better
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thermal resistance. The new frame also rectified the leaking that had been a major
concern. 78 Because the IGU system alone did not ease the problem of frequent
condensation, the team had to design a finned tube radiator (FTR), plus radiant panels
installed at the head of the curtain wall to compensate for the lack of roof insulation.79 The
scope of the project was for both building preservation and art conservation. Although
updating HVAC systems and glazing assembly, reducing energy consumption was not the
main focus80 (See Appendix F).
The adjacent Yale Center for British Art of Kahn’s underwent a major renovation
from 2008 to 2017, led by Knight Architecture. Although the two projects share similar
context, Ennead were not consulted for the subsequent project, since two renovations are
of its own campaign.81
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Chapter 5: Analysis
5.1 Preservation and Sustainability Guidelines and Standards
Preservation Guidelines and Standards
A preservation project should always refer to, whether explicitly or implicitly,
existing guidelines and standards, albeit not necessarily in a custom-made fashion, but to
the degree they are applicable. In doing so, every project could be reflected upon, refining
existing guidelines and standards for its purpose. In this research, a range of universal
guidelines and standards on preservation and sustainability are presented as contextual
tools to analyze and evaluate the Richards renovation outcomes, under the premises that
the interior renovation82 was not required to follow any external preservation guidelines or
standards by the University of Pennsylvania, although the design teams’ familiarity and
adherence to the general principles of such guidelines in the areas were assumed and valued
by the university.

“The Burra Charter”, The Australia ICOMOS Charter for Places of Cultural Significance,
1979, revised 1981, 1988, 1999, 2013 83
To review the Richards Medical Laboratories renovation, first the research suggests
to begin with the widest lens, The Burra Charter, as a reference for definitions as it is
esteemed for its neutrality and broadness.
4.2 Traditional techniques and materials are preferred for the conservation of
significant fabric. In some circumstances modern techniques and materials which
offer substantial conservation benefits may be appropriate.
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The balance between using traditional and modern techniques and materials was
intricate and crucial in the Richards renovation. Owing to a mere sixty years between
original and current techniques, the necessary balance of applying contemporary
techniques to Modernism fabric is as important as the techniques themselves.
6.1 The cultural significance of a place and other issues affecting its future are best
understood by a sequence of collecting and analysing information before making
decisions. Understanding cultural significance comes first, then development of
policy and finally management of the place in accordance with the policy. This is
the Burra Charter Process.
The Burra Process is a three-phase method: Understand significance, develop
policy, and manage in accordance with policy. These three phases in many complex
preservation projects is often a self-feeding loop, in that the latter may circle back to inform
the earlier phases. To review the Richards renovation, identifying and understanding the
continuity among these phases helps observing whether the flow was true to its own
findings and its deliverables.
“7.2 A place should have a compatible use.”
A compatible use is often omitted by preservationists who took age value as the
utmost significance. We must admit the best maintenance often come with proper
functioning of the place. Therefore a compatible use is a useful metric to justify or accept
a change in use. For the Richards renovation, the new use, dry lab, is a compatible choice
with wet lab as original use; the building continues to be used for scientific research.
“21.2 Adaptation should involve minimal change to significant fabric, achieved
only after considering alternatives.”
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Following a determination of compatible use, one must bear in mind that said
compatible change of use should be designed and implemented with careful consideration
to its fabric.
“23. Retaining, modifying or reintroducing a significant use may be appropriate
and preferred forms of conservation.”
For the Richards renovation, being sustainability-driven, a compatible change of
use might not necessarily be the most energy-efficient, but instead as energy-frugal as
prudent and possible, and thus appropriately responsive to its original fabric.

“Guidelines for Rehabilitating Historic Buildings” Secretary of the Interior, USA, 1976 &
revised 1992 84
In this thesis research, the mainframe to evaluate the Richards renovation would
refer to the Secretary of the Interior’s Standards for the Treatment of Historic Properties.
Nevertheless, the university does not explicitly utilize these standards. These federal
standards fall into four categories: preservation, rehabilitation, restoration and
reconstruction. In the scope of the Richards renovation, the specific guidelines for
rehabilitation are the most suitable for advisory purpose.
For the Richards renovation, the “Windows” chapter in the Guidelines that illustrate
the Standards provides fundamental guidance and procedures to follow, defining “window”
as an assembly encompassing frames, sash, muntins, glazing, sills, heads, hoodmolds,
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paneled or decorated jambs and moldings, and shutters and blinds. 85 In Richards, this
includes glazing, mullions, and sometimes the non-extant shutters and tints. One should
always be aware that windows are a system of components, and that the overall condition
of the assembly, so is as critical as any individual component. For the coherence of visual
appearance, especially those contributing components to the historic character of the
building, stringent approaches are required while implementing new window design.86 In
Richards, the original window assembly essential to the character-defining flatness of the
façades, was a careful design comprised of components like stainless steel frames and
monolithic glass sheets.
In the Guidelines that illustrate the Rehabilitation Standards, an “Energy” chapter
had been added and addressed as early as in the 1990s revision, although largely vague and
conservative in wording. The chapter acknowledges storm windows, shades, blinds, and
some other more visible add-on features to the window assembly. For the mechanical
systems, the chapter suggested improving efficiency by installing improvements in attics
and basements, 87 leaving unaddressed the possibilities of how to design more visible
changes.
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"Approaches to the Conservation of Twentieth-Century Cultural Heritage: Madrid-New
Delhi Document." ICOMOS International Scientific Committee on Twentieth-Century
Heritage. 2017 88
Typically referred to as The Madrid Document, this was first presented to the 17th
ICOMOS General Assembly in Paris in 2011. Rigorous discussions were held, resulting in
two subsequent revisions later presented, respectively to the 18th and 19th ICOMOS
General Assembly in 2014 and 2017, and renamed The Madrid-New Delhi Document. As
an international document, it serves as another comprehensive framework for examining
the Richards renovation.
“1.4 Recognise and respect structural innovation, forms, construction techniques
and building materials.”
This is a pivotal starting point to assess the Richards renovation project because the
innovation of techniques is part of the original design.
“1.8 Use comparative analysis to establish cultural significance.”
“2.4 Establish limits of acceptable change.”
The two items fall into a different mindset than traditional preservation might do.
The concepts of comparative analysis and limits of change are extremely helpful for both
pre- and post-renovation perspectives on the Richards renovation. For the Richards
renovation, the establishment of limits of acceptable change was in fact a core concept. In
the case of the window assembly, the limit set by the project was to reuse the characterdefining and structurally integral original frame, and the possibility to accommodate
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thicker glass with improved energy performance characteristics was thereby constrained
within the limits of acceptable change.
“3.1 Research and develop specific repair methods appropriate to the unique
building materials and construction techniques of the twentieth century.”
“4.1 Develop conservation policies informed by research to conserve and sustain
the cultural significance of the place and use the policies to guide decision making
when managing change.”
“6.3 The application of standard building and regulatory codes requires flexible
and innovative approaches to ensure appropriate heritage conservation solutions.”
These concepts are applicable to the Richards renovation: use research to locate the
significance and specific methods of intervention, and use the policies to guide the decision
making, responding to guidance such as the Burra Charter process or the Secretary’s
Standards. To divert from such as these, one must use rigorous adaptive standards to
approach the Modern context.
“10.1 Care must be taken to achieve an appropriate balance between
environmental sustainability and the introduction of energy efficiency measures
with the conservation of cultural significance.”
“10.2 Promote and communicate appropriate energy conservation and
environmentally sustainable practices for twentieth-century heritage.”
Conceptually, “served” and “servant” spaces are part of the spatial design
significance as well as energy significance, and thus how to shift or maintain these broad
functions impacts significance directly. Historic design of energy distribution should be
included when designing new HVAC systems suitable for twentieth-century building.
41

Eventually, how Richards approach to these issues can serve as a sustainable educational
experience for future reference.

"Toward APT Consensus Principles for Practice on Renewing Modernism." APT Bulletin:
The Journal of Preservation Technology. 2017 89
The 2017 statement issued by the Association for Preservation Technology
International was discussed by the APT Committees on Modern Heritage and on
Sustainable Preservation. Some items highlighted below are fundamental to bear in mind
in evaluating a project like the Richards renovation.
“Section A. 3. Acknowledge and embrace change, present and anticipated.” and
“Section A. 4. Address the sub-iconic.” For Richards, the continuous stewardship is as
important as the historic iconic status.
“Section B. 6. Address the experimental and the ephemeral.” is extremely
important as in Richards, some of Kahn’s innovations are indeed groundbreaking but still
experimental, weighing on the choice between replacement or upgrade. Still, a careful
distinction in fabric should be designed. For example, in the Richards renovation, new
HVAC systems are visible and integrated within the existing ceiling as an intentional
design move.
“Section C. 11. Repurpose to accommodate the building” and “Section C. 12.
Promulgate model solutions, management guides and lessons learned.” These are the core
values in this thesis: is the repurposing proportional and appropriate? And, in such a robust
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intervention, what can be passed on as a model for other projects preserving Modern
buildings?

Sustainability Guidelines
Guidelines and Standards on energy, environment and sustainability often are more
specific and engineering-based in comparison to those described above, addressing
preservation, conservation, and especially Modernism preservation. It is the difference,
broadly speaking, between the quantitative and the qualitative. This attribute of
sustainability guidelines could guide this research in finding, providing a grounded
perspective with which to reflect back upon more conceptual ones. In the Richards
renovation, using sustainability guidelines from the preservation and engineering fields
reveals another layer for evaluation, acknowledging that there can be apparent or hidden
conflicts between them.

“Illustrated Guidelines on Sustainability for Rehabilitating Historic Buildings” Secretary
of the Interior, USA, 2011 90
This guideline extends the “Energy” chapter in the Secretary of the Interior’s
“Guidelines for Rehabilitation.” Realizing that sustainability plays an integral and core role
in rehabilitating cultural heritage, and concerning evolving technology and methodology,
further details should be discussed beyond what was set out in the chapter in the 1992
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document. This expanded version of the guidelines also serves as the bridge in this research
between preservation guidelines and sustainability standards.
In the introduction, assessment of the importance of the inherent existing energyefficient characteristics of the building is urged before an implementation approach and
design is developed, because those features often are character-defining and energy-frugal
at the same time. As a result, how to respect and adapt original energy features with new
technology became the focal point of this 2011 chapter.91 This hypothetical situation aligns
with the Richards renovation: to identify, understand and ensure that the character-defining
features are preserved by understanding its energy aspects.
For the windows, for example, the energy-efficient replacement should match
appearance, size, design, and proportion of the existing historic windows, and be
sustainable for future maintenance - especially when applying low-emissivity or film on
the glazing, because the film might be tinted differently under close observation.92 Window
assembly includes glazing and insulation, two main factors to energy conservation. For the
insulation performance, the guidelines suggest using a variety of tools, to gain a
comprehensive understanding of how the building performs before rehabilitation. These
tools, for example, and especially simulations, allow drafting a specific policy after
understanding the inherent thermal properties and the energy needs in its current setting.93
Regarding the HVAC systems, the guidelines indicate that installing new systems
should take into account the whole building, retaining historic character to the highest
extent possible. The placement should be minimally visible and not impact the historic
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character. For the Richards renovation, this suggestion aligned with some renovation
decisions, as Richards has distinctive original character-defining HVAC features.94

LEED 2009 for Existing Buildings: Operation & Maintenance Project Checklist 95
Leadership in Energy and Environmental Design (LEED) is a building energy
evaluation program developed by The US Green Building Council, starting in the late
1990s, which provides rating systems for different building types, operations and scopes.
Per the needs of this research on the Richards renovation, the “Existing Building” form
from LEED v. 3 (See Appendix A, Table 15) presented in 2009 is chosen to provide
baseline information from the building technology side, as well as, from among eight
criteria, “Sustainable Sites” to “Innovation in Operations”, both of which are major
themes in the Richards renovation, as follows:
In “Energy and Atmosphere”, credits 2.1 to 2.3, on Existing Building
Commissioning, are an important concern for Richards, since its pre-renovation HVAC
systems were not sufficient but significant to the building. Understanding its current
commissioning and how to ameliorate from there is essential for energy perspective on the
project, as well as preservation.
In “Indoor Environmental Quality”,

LEED diligently sees to air quality,

ventilation, and lighting, in most projects, in which are prescribed pre-renovation,
occupancy, and also occupant comfort in occupancy survey and thermal comfort
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monitoring, which can be appraised post-renovation and compared with prior condition.
Post-occupancy can provide important metrics to reaffirm the renovation decision-making,
and compare and measure metrics in the LEED form.

“The 2030 Challenge”, Architecture 2030, 2006 96
“The 2030 Challenge” was proposed by the non-profit organization, Architecture
2030, asking architecture, construction and building professionals to ally with one another
in the goal to make all new and renovated buildings carbon-neutral by 2030, by aiming to
reduce current 30% non-renewable fossil fuel energy consumption in operational carbon
to 20% in 2020, 10% in 2025, and total elimination in 2030. The target may be achieved
with creative design solutions, green energy production, and other environmentallyfriendly strategies. An important metric for the Challenge, Energy use intensity (EUI)97 is
commonly recognized as a tool for establishing baseline and targets regarding carbon
emission. The American Institute of Architects (AIA) responded to the non-profit
organization’s challenge with its own “The 2030 Commitment Program”, setting numeric
references for American firms to follow in order to achieve data-driven sustainable results.
This challenge from Architecture 2030 with its aggressive attitude compared to
conservative standards, and its use of EUI as a baseline, provides a platform to evaluate
the Richards renovation in its pre- and post-renovation programming. Besides operation
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carbon, renovating Richards also reduced the generating of the embodied carbon during
new construction, amplifying the advantages of renovation.
“Design Standards, Division 23: Mechanical ”University of Pennsylvania, Rev. 2019 98
The University of Pennsylvania regulates the mechanical engineering expectations
of

its

on-campus

construction,

new

and

renovation,

with

dedicated

architecture/engineering standards guiding requirements and procedures. In Division 23:
Mechanical,99 the university sets a universal requirement for HVAC systems, including
ASHRAE 90.1-2016 compliance, in order to achieve commercial energy efficiency.
SECTION 230000 – 1.0, B. … The design engineer must take a proactive role in
the early design stages so that operating requirements are defined clearly and
concisely. HVAC systems must fully support the program of requirements, utilize
state-of-the-art efficient technology, and promote the health and safety of building
occupants.
The item imposes a “proactive” position on the construction team, about how to
support the building program with the most appropriate systems that will withhold years
of use.
C. HVAC systems are usually the most significant driver of energy usage in Penn
buildings. As such, designers must maintain energy efficiency as a key criteria in
conformance with the University’s Climate Action Plan. When integrating with
existing facilities, designers should be looking for energy saving opportunities
which may reach beyond the bounds of their project and bring these to the attention
of the University who can decide whether or not to pursue them.
Echoing the Century Bond Program, both criteria entailed proportionate and
energy-frugal HVAC systems option to be applied, according to the project’s program and
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operating requirements. These requirements coincide with Century Bond Program initiated
through conducting the campus-wide survey and feasibility reports previously discussed in
Chapter 3.
The Design Standards provide large new constructions and renovations on campus
a clear path on achieving energy efficiency; the Richards renovation was no exception.
However, smaller renovation campaigns that do not warrant using the Design Standards,
nevertheless, shall consult the university’s “Green Guidelines for Renovations” to improve
their environmental performances.100

Convergent Interpretation of Guidelines
To examine the Richards renovation, this research adapts from The Burra Process:
understand significance, develop policy, and manage in accordance with policy. Adding
the particular aspects in a project concerning both Modernism and sustainability, a
prescribed process is proposed to examine the renovation post-completion. The modified
process should also be a tool to reflect the decision-making involved in renovating other
Modern building projects.
The following four points constitute the modified process proposed by the author,
which is the condensation and of all the guidelines discussed above.
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“1. Identify character-defining significances of historic and technological values.”
Louis Kahn’s architectural design intentions and the architectural engineering
innovations are key components of the character-defining significance in Richards. For the
former, character-defining features are the visual integrity, the materials and their patina
over time. For the latter, the separation of “service and servant” spaces, as Kahn put it –
i.e., the vertical and horizontal distribution of HVAC systems through the “servant” spaces
– was crucial to design a rehabilitation on behalf of a more “energy-frugal” state. To
recognize where the technological features of high values are justifies the renovation
processes in its careful acknowledgement and approach to of historic integrity; the
identifying process shall be an integral part of HVAC systems rehabilitation design.

“2. Develop policy in preserving significance and reducing energy consumption, while
acknowledge limits in historic settings.”
With forces pulling from both sides – preserving the identified character-defining
significance, and their components, and becoming more sustainable – policy should
address the aspects of sustainability to be achieved, e.g. energy consumption, EUI, and
indoor thermal comfort. While laying out sustainable strategies, the limitations and
adaptions according to the character-defining significance are both essential and beneficial
to realizing the goal.
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“3. Use both flexibility and rigorous responses to adapt changes and modify policy, while
executing it with new factors learned.”
The adaptions of significances identification and policy development during
execution should never be shunned, since the process should be a circular loop rather than
an end-to-end linear process. In this manner, a constant self-examination references the
baseline situation and provides the most favorable outcomes in the challenge of a
historically appropriate and responsive green rehabilitation.

“4. Reflect upon post-occupancy and address the post-occupant factors where necessary
and possible.”
Post-project examination is as important as setting policy pre-project. From both
an occupancy survey point and metric monitorings, it is essential to summarize the
renovation in its achievement and lessons to be learnt.
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5.2 Renovation Decisions of Re-programming Uses and Re-commissioning Systems
Impacts on Visual Integrity
Given the identified character-defining features, Louis Kahn’s design of “served
and servant” spaces, with its distribution of systems within the servant spaces, is one of the
renovation project’s major concerns for maintaining Richards’ integrity, while nevertheless
new HVAC and lighting systems had to be installed. Therefore, for the renovation, how to
maintain the visual integrity aligning Kahn’s design intentions were one of the architects’
major design responsibilities.
In the Phases 1 & 2 of renovating Towers C &D, EYP Architecture and Engineering
re-programmed the building according to clients’ request. The Perelman School of
Medicine wished to continue its occupancy in Richards because of its adjacency to other
School of Medicine buildings. However, as it was a known fact that the building could no
longer accommodate “wet-bench” use, a “dry-bench” reprogramming was predetermined.
For achieving this goal, EYP removed all of the somewhat ad hoc cinder block partitions
that had steadily accumulated since the building’s completion, which were necessary for
scientists’ work but in fact not part of Kahn’s vision.101
EYP designed and incorporated new chilled beam systems (See Appendix C), fed
through the openings of the Vierendeel truss,102 in order to relate to Kahn’s mechanical
engineering design. It presented EYP a challenge to lay out the contemporary systems
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within the original ceiling structure. The results are well-organized systems that are also
carefully designed to mitigate visual impacts at interior ceiling levels.103
For the latter project phases, the rehabilitation of Towers A & B, AOS followed the
guidelines developed by EYP in redesigning office floor layouts. AOS continued using
chilled beam systems connecting towers. The idea, to use horizontal panels, where
necessary to shield chilled beam systems and pipes at the ceiling level is derived from
Louis Kahn’s drawing memo, in order to develop the design language compatible with the
character-defining ceiling structure.104

Changes for Sustainable Design
For monitoring and documentation purposes, the University of Pennsylvania
Facilities and Real Estates Services publishes an Annual Building Energy Report with the
aid of the Center for Environmental Building Design, Weitzman School of Design. For the
purpose of this research, building energy consumption data for the Richards Medical
Laboratories from Fiscal Year 2016 to 2019 are excerpted below (See Appendix A, Tables
1-4). The data are collected through electricity, steam and chilled water meters (See
Appendix A, Tables 16-19). In the report, data are calibrated through a mechanism of
eliminating outliers and replacing data-less inputs with interpolated values. The range of
error is minimized within 2% by the calibration, unless the data is missing for a longer span
of time and creates a large discrepancy.105
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Table 1: Richards Building EUI of the fiscal year 2016 (Sung, 2020)

Table 2: Richards Building EUI of the fiscal year 2017 (Sung, 2020)

Table 3: Richards Building EUI of the fiscal year 2018 (Sung, 2020)

Table 4: Richards Building EUI of the fiscal year 2019 (Sung, 2020)
Because electricity, steam and chilled water meters were not present within
Richards before its renovation, the data collected are all post-renovation of Phases 1 & 2,
where Towers C & D concluded in the fall of 2015, and during Phases 3 & 4, the renovation
of Towers A & B, in construction, which concluded in the spring of 2019. Four sets of
fiscal year data all fall into the timeframe between the completion of Phases 1 & 2 and
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Phases 3 & 4. For these four years, the results align with general prediction: the first year
after the completion showing a slight surge for accommodating new systems, and gradually
reduced energy consumption in the years afterwards. In the latest fiscal year, the number
reduced to a 56.26% reduction comparing to the first recorded meter data. However, future
monitoring is still necessary to draw definite conclusions about the energy reduction, owing
to the fact that the meter data is incomplete in the fiscal year of 2019, where only the
electricity meter provided 12 months of data. Therefore the forthcoming complete data of
the fiscal year 2020 is more reliable for the purpose of this analysis if available in the future.

Table 5: Yearly Site EUI data in similar building types (BPD)

Table 6: Yearly Site EUI data in laboratories (LBT)
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In this research, site energy consumption intensity (Site EUI), which is the amount
of heat and electricity consumed by a building as reflected on the utility bills, reflects the
combined consumption of on-site and off-site produced energy in a year - this is not as
representative as source energy consumption intensity (Source EUI) i.e., the raw fuel
required to operate a building, in evaluating different buildings according to the U.S.
Environmental Protection Agency106 - however, in order to compare with Richards meter
data, site EUI, derived from site energy consumption, is commonly referenced from
benchmark databases. The Building Performance Database (BPD), sponsored by the U.S.
Department of Energy Building Technology Office, and developed by the Lawrence
Berkeley National Laboratory and Earth Advantage, is the largest dataset of information
about the energy characteristics of American buildings. For the scope of reprogramming
of Richards during this renovation, two datasets were pulled from the BPD: laboratories,
representing pre-renovation use, and medical offices, representing post-renovation.
It is important to note that the BPD data is not a statistical sample but rather a tool
for analyzing general trends in and comparison of certain building groups. 107 For the
laboratories, another dataset from the Laboratory Benchmarking Tool (LBT) is referenced.
LBT is sponsored by the U.S. Department of Energy Federal Energy Management Program,
and developed by the Lawrence Berkeley National Laboratory, kW Engineering, and the
International Institute for Sustainable Laboratories. The dataset is not yet large enough to
be representative for statistical purposes either, but is still an important resource for trend
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analysis. Hence, three sets of building groups from two benchmarking tools allow a further
evaluation of Richards’ energy consumption.
The most complete set of data of Richards, 161.9 kBtu/sqft/yr in FY 2017, is
significantly lower than either 335 kBtu/sqft/yr from BPD’s laboratory or 373 kBtu/sqft/yr
from LBT’s, showing the reprogramming was positive in achieving a more energy-frugal
renovation, not only comparing to the use pre-renovation, but to similar building type
groups in benchmarking. Given the fact that some meter data are missing for both FY 2018
and 2019, future monitoring is required for an even more comprehensive verdict.

Comparable Case
The Evans Dental Building at the University of Pennsylvania underwent its
Centennial renovation from fall 2015 to fall 2017. In Evans, the character-defining features
include its historic masonry envelopes, with its wall of large north-facing windows
providing natural daylight to the large Main Clinic. The envelope was not within the project
scope of the Century Bond project of 2015, but was later rehabilitated by another
renovation campaign started in 2017. In the purposes of reprogramming, Ballinger
Architecture & Planning’s renovation restored the historic library to its original location.
However, the renovation did not remove the 1960s infill of the historic courtyard, where
the library sat before the Centennial renovation. The structure filling the courtyard bears
the systems necessary as a result of overloading the historic structure.
Although Evans is a historic structure, it is not historically designated, on neither
national nor local registers, so the design restrictions on historic context was not as strict
as those of Richards.
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In the Main Hall, several character-defining features were kept: the ornamented
truss, the light fixtures, and the heating grills. In the renovation, Ballinger not only updated
the HVAC systems but added sprinklers, air conditioning, while renewing grill radiators
and removing steam heating, all without compromising historic significance. In the historic
Main Hall, the new systems were subtle and noncompromising to the overall spatial
historic experience and its character-defining features. The subtlety respecting the original
design is similar to Richards’ new chilled beam systems embedded in the grid of the
concrete ceiling and accessed through the Vierendeel trusses.108

Table 7: Evans Building EUI of the fiscal year 2015 (Sung, 2020)

Table 8: Evans Building EUI of the fiscal year 2016 (Sung, 2020)

Table 9: Evans Building EUI of the fiscal year 2017 (Sung, 2020)
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Table 10: Evans Building EUI of the fiscal year 2018 (Sung, 2020)

Table 11: Evans Building EUI of the fiscal year 2019 (Sung, 2020)
Since Evans did not reduce its equipment load after the renovation, the expectation
for energy reductions were not as significant at Richards. However, some shifting of
internal uses and equipment updating did in fact enhance the energy efficiency, according
to the trend from FY 2015 to FY 2019 (See Appendix A, Tables 7-11 & 21-24). Comparing
Evans to Richards, both buildings have a complete set of meter data from FY 2017, and
show similar energy consumed per square feet. Since at the time, Richards should have
already transitioned into a dry lab/office setting, its consumption should be noticeably
lower than that of Evans, a building with medical equipment. If in the coming years,
Richards can provide complete data and show energy consumption as low as the calibrated
ones for FY 2018 and FY 2019, the scenario should be complementary to the Richards
renovation goals.
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5.3 Renovation Decisions of Window Rehabilitation
Impacts on Visual Integrity
The Richards Laboratories boasts its high window-to-wall ratio (WWR), conveying
the stack in three towers of a series of illuminated and flexible scientific spaces that Kahn
intended.109 Louis Kahn had refined the thinness in his use of single-pane glass in such
Richards’ predecessors: as Philadelphia’s Coward Shoe Company and Yale University Art
Gallery. Monolithic glass is an integral part of Richards’ visual identity. However, because
such enormous windows can increase a controlled interior environment’s vulnerability to
exterior variables, it is environmentally influential to upgrade the glazing systems
performance. In general, the higher the WWR is, the greater the environmental impacts. In
the Richards Laboratories, the single-pane glass has several attributes that combine to
contribute to the historic character: monolithic panes, thinness and mullion profiles, the
glass color, and the overall taut flatness of the façades.
In Richards, though Kahn used monolithic single-pane glass in the majority of
instances, there are some variations that serve as references for glazing options for
renovation or future interpretation, including the originally proposed early-model IGU,
Thermopane glass, only applied in full-height slender glazing areas110; the quickly removed
Koolshade blinds which, although not restored, were at locations where Kahn identified
needed shading; and, lastly, the tinted glass still present before the renovation, for sunblocking purpose as well.111
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To the renovation team, the primary concern was to maintain the visual character
and the historic fabric – in particular, the original custom stainless steel window frames
embedded in the heads and jambs of surrounding masonry (See Appendix A, Fig. 7). To
ameliorate glazing performance, insulation double-pane glass would have been the obvious
choice if solely considering sustainable outcomes, since the U-values of IGU are generally
below 0.9, when normally those of single-pane glass are over 1. In the Richards
recommendations made by renovation project envelope consultant Heintges, the U-value
of the IGU is as low as 0.31. However, it would have been challenging if not impossible to
achieve low U-value while maintaining the visual character, because insulated glass, 1’1/8 ” thick, almost five times thicker than original ¼”, would necessitate bulkier frames
and mullions. Along with other obstacles, including the inherent curvature of large IGU
surfaces, the determination that original mullions could not support the IGU thickness, and
that removal of original frames and mullions would have been destructive at each opening,
and the new mullions would have destroyed the character. For the renovation project, it
was concluded the energy reduction that replacement with IGUs would have provided
would not be as significant as updating HVAC systems, and not worthwhile in comparison
to sacrificing the visual integrity (See Appendix D).
It should be noted that as technology has evolved, IGU has adapted from using air
as insulation to using noble gases as the industrial standard, reducing the air volume, thus
thickness, while achieving better performance. Since the end of the 20th Century,
researchers have investigated using a vacuum as the insulation layer in IGU, achieving a
low U-value below 0.1 and as thin as a traditional single-pane glass.112 However, vacuum
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IGUs were and indeed are not yet a stable commercial product due to its perfectly sealed
edges technical challenges and its low cost-performance ratio, leading to uncertainty in this
frontier, let alone the optical flatness that IGUs are inherently challenged to achieve. Still,
theoretically, vacuum IGUs, without warranties available, could have been the choice in
Richards: lowering U-value from 1.07 to 0.1, and maintaining the same thickness to ¼” for
both glazing and mullion visuality, under the circumstances if financially allowed (See
Appendix D).
The envelope consultant on the later phase, RWDI (then The Façade Group)
followed the specification set by Heintges. However, Both Heintges and RWDI found that
many of the original mullions were distorted unproportionally and thus the leakage of air
and water would be more severe than what they expected (See Appendix A, Fig. 8).
Heintges recommended field measurement of each opening to make sure the replacement
suited the distortion. but this recommendation was not fully followed. 113 In RWDI’s
findings, they acknowledged that to strip the mullions out and refurbish them would be
labor-consuming, ineffective, and unduly risky to historic fabric. However, RWDI posed a
broader question: for Richards, using air and water leakage standards designed for new
window construction, ASTM E783 and ASTM E1105, led to the projects design decisions.
But are there analogous testing standards for refurbished windows or historic windows?114
On the other hand, it is also a pivotal question to leave the original fabric or to
replace, to renovate while imposing danger to fragile material contexts, considering which
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“Richards Medical Research Laboratory: Windows Lessons Learned.” The Façade Group. November 8,
2016.
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would lead to a more preferable outcome to maintain the visual character-defining features?
Therefore, all aspects should be taken into consideration while making decision on
renovating glazing – in this case, including the visual continuity, the historic character, the
energy performance, the air, water infiltration, the impacts to connecting materials on the
envelope, and the cost.

Changes for Sustainable Design
Heintges, in its recommendations on behalf of bettering thermal performance, had
compared the performance of the original single-pane glass with two low-E coating options
and three insulated glazing unit (IGU) types on the W1-pane-sized module. Using
simulation software tools developed by the Lawrence Berkeley National Library, Heintges
first modelled custom glazing in Optics 115 , modelled the mockup in WINDOW116 and
finally used THERM 117 to model the custom assembly. These sophisticated modelling
tools enabled and informed comparisons between the various options under
consideration.118

115

Part of a series of software tools developed by the Lawrence Berkeley National Library in collaboration
with U.S. Department of Energy. Optics is a computer program designed for works with optical data for
glass and glazing layers.
116
Part of a series of software tools developed by the Lawrence Berkeley National Library in collaboration
with U.S. Department of Energy. WINDOW is a computer program designed for calculating total window
thermal performance indices.
117
Part of a series of software tools developed by the Lawrence Berkeley National Library in collaboration
with U.S. Department of Energy. THERM is a computer program designed for simulating two-dimensional
heat transfer effects in building envelope components.
118
Davis, interview.
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Table 12: Richards Renovation Glazing Options Comparison simulated by Heintges
using Optics, WINDOW and THERM (Heintges)
In Heintges’ proposal and analysis of energy load simulation for different glazing
options, low emissivity coating glasses save about 5% more than the original glazing, IGU
options save about 10% energy, and the option combining both low emissivity coating and
argon space IGU save up to 20% energy. In comparison, updating the pre-renovation air
handling system to VAV system would save 35.1% energy, and to chilled beam system,
up to 42.8%. As applying IGU would have resulted in more than four times the thickness,
calling for a new mullion frame, EYP decided the 20% reduction could not justify changing
the visual integrity and risking stripping the existing frame, while twice the energy
reduction could be achieved via otherwise updating building systems (See Appendix A,
Fig. 9-10, and Appendix D).
For this research, independent simulations were set up by the author to evaluate
pre- and post-renovation equipment load and glazing options’ influence on an typical office
floor in a single tower, with the 3 dimensional model showing the selected unit area (See
Appendix A, Fig. 11-16). The 3D model is built in Rhinoceros software, with plug-in
software Grasshopper and Honeybee, to conduct parametric calculations with locationbased climatic data. In the model information, an ideal loads system was used for setting
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the baseline comparison, meaning that the supposedly ideal loads system changes the
supplied air flow rate to satisfy the heating and cooling loads. An additional option of
vacuum IGU was considered, taking specifications from a commercial product, Guardian
Vacuum IG VIG-62/27, as presented by its US-based fabricator Guardian Glass in 2018.

Table 13: Laboratory equipment load EUI shoebox simulation (Sung, 2020)

Table 14: Office equipment load EUI shoebox simulation (Sung, 2020)
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For this simulation, the configurations were set up in accordance with ASHRAE
62.1-2016,119 including equipment load, lighting intensity, ventilation, and occupancy. It
is obvious to observe that under the same HVAC ideal loads system, changing glazing
properties hardly impacts the EUI. In comparison, lowering the equipment loads lessens
the EUI much more drastically. This result reaffirms the project team’s renovation decision
on reprogramming the building use instead of upgrading existing glazing to high
performance IGUs, in regards of energy use intensity.
However, this research previously noted that the vacuum IGU could have
maintained the thin mullion profile while enhancing energy performance, although the
product has recognized an as-yet unresolved technical challenges (edge conditions), and
does not provide necessary warranties for energy use intensity. It is further possible to
investigate vacuum IGU’s potential in mitigating glare and mean radiant temperature.
Phase 2 architect AOS and its envelope consultant RWDI (formerly The Façade Group)
was involved in upgrading the adjacent two towers of Richards, and Goddard Laboratories’
hanging office cubes on higher floor. They replaced the glazing on the 6th floor’s hanging
office cubes of Goddard, because they were leased to School of Medicine, the client of
Richards’ renovation. The same locations on the 5th floor, used by the School of Arts and
Science, were not updated.120 Although updating the glazing on the 6th floor mitigated
thermal bridging (See Fig. 17), in these office cubes, for the occupants sitting extremely
close to the glazing, the mean radiant temperature (MRT) was still low in the winter.121

119

Brick R Value = 0.5 h*sqft*F/BTU; Concrete R Value = 0.5 h*sqft*F/BTU; Lighting Density per Area
= 11 W/m2; People per Area = 0.25 people/m2; Ventilation per Area = 0.003 (m3/s)/m2; Ventilation per
Person = 0.005 (m3/s)/person; Schedule = 8:00AM – 6:00PM
120
Schade.
121
Dossett, interview.
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With such information, further questions of what other possibilities could thin profile
vacuum IGUs help mitigating renovation are worth investigating if glazing updates are of
higher priority, since at Goddards’ hanging offices, the glass size is comparably smaller
than that of Richards, which is an advantage in applying IGU.

Comparable Case
Louis Kahn designed the Yale University Art Gallery (YUAG) in New Haven about
a decade earlier than Richards Laboratories at University of Pennsylvania. Both buildings
were Kahn’s establishments on University campuses in his earlier career; the façades of
both incorporated monolithic single pane glass; and both underwent renovation in the 21st
Century. However, the YUAG project opted to update the single-pane glass with doublepane IGU instead of maintaining original glazing as in Richards.
Ennead Architects renovated and extended the art gallery with envelope consultant
Gordon H. Smith Corporation. The main difference between YUAG and Richards is the
“client”: in the former it is the artworks, and in the latter it is the scientists. For Richards,
glazing posed bothersome glare for the occupants; for Yale, the curtain wall condensation
compromised interior microclimate of the artworks. The deficiency necessitating and
enabling Ennead to install IGU in a new frame is that YUAG’s original curtain wall is
ceiling to floor, worsening the condensation over that of Richards. 122 The perilous
condition and the need to prevent condensation made installing IGU more reasonable. In
addition, IGU’s thermal break would help to stabilize the interior microclimate, which is
essential to art galleries. Unlike Richards, driven by the Century Bond’s energy goals,
122

Olcott, interview.
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YUAG had pressing matters to contain interior temperature, humidity, and eliminate
thermal break, condensation and leakage, whereas energy reduction was not the goal.123
Since double-pane IGU did not mitigate condensation solely, the design team added twotier fin tube units and radiant panels at the head of the curtain wall below the roof deck, to
help mitigate heat loss and lessen condensation (See Appendix F). The author has been
unable to obtain which simulation and what U-value specifications were used for the
YUAG, and was thus unable to conduct in any detail a comparable analysis to Richards.124
In Richards, Penn and EYP resisted installing IGU and mullions because of the
bulkier profile, the physical damage to remove original mullions, and the visual damage.
As the YUAG predates Richards, thus Kahn did not achieve as thin a mullion profile as he
later did. (See Appendix A, Fig. 7) Adding the glazing thickness from ¼” to 1-1/8”, the
new YUAG mullion is custom designed to minimize its visual impact. The custom glass
assembly mullion and the glazing colorization were products adhering to strict internal
Yale guidelines, in order to carry on the visual integrity when replacing some original
character-defining features.125

123

Sinks, interview.
Smith, interview.
125
Olcott, interview.
124
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Chapter 6: Conclusion
This research commenced with taking advantage of the unique attributes of the
Richards Medical Laboratories’ recent renovations. The building is a National Historic
Landmark, an icon of Modernism, a contemporary HVAC systems pioneer, and a recently
completed energy-saving initiated renovation. None of the factors were compromised
during the renovation, nor were any disproportionately emphasized over the others. Still,
how did the stakeholders evolve their decision-making with the knowledge and information
accessible to them? And could any evidence not accessible before have provided
alternative approaches?
Through scrutinizing relevant guidelines and standards, the research proposed a
flexible array of referencing guidelines, drawing from all relevant disciplines. With the
comprehensive set of guidelines reviewing the critical decisions made on preservation and
sustainability, a modified Burra Process is proposed to revisit the decision-making and
serve to inform other renovation projects of similar context. The proposed self-feeding loop
process calls for identifying character-defining significance of both historic and
technological values, developing policy in preserving significance and reducing energy
consumption, responding and executing flexibly and rigorously with recognition of the
limitations in historic settings, and eventually reflecting the post-occupancy findings in
operation.
According to the specific analyses conducted for this research, several findings and
further questions were deduced. Through the simulation results, it is observed that glazing
properties account for minimal impact to EUI when compared to the equipment loads per
spatial uses. The conclusion consolidates and reaffirms the argument to maintain the
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historic glazing in the case of Richards, with poorer “energy-frugal” performance during
the renovation decision-making. In comparison to the comparable case of Yale Art
University Gallery renovation’s decisions and options, it is justifiable that Richards was
driven by different incentives and faced stricter, and thus fewer glazing options. However,
further opportunities may be worth exploring if other environmental factors besides
energy-saving were prioritized, such as occupant comfort, condensation, and so forth.
Other investigations, for example, post-occupancy study on indoor thermal comfort could
provide further information on glazing choices.
Derived from meter data, benchmarking and the comparable case of Evans Dental
Building, the reduction in energy consumption is affirmative, even in strict consideration
of office type rather than laboratory, owing to the nature of “dry lab”. However, it remains
definitively confirmed how the building really performs due to lack of post-occupancy data,
while the systems remain in “extended commissioning” rather than yet having been fully
“recommissioned”.126 Therefore, a continued monitoring of post-occupancy condition will
lead to a more accurate understanding of savings in both energy consumed and money
spent.
Concerning the built environment, historic authenticity and technological
performance can seem to be contradictions of one another. The former delivers the
architect’s design intent reflected by their spatial arrangement; the latter stewards the future
of said building and environment beyond. Since - at least in an iconic case such as Richards

126

The post-renovation HVAC systems do not reflect the projected performance right away, due to the
compactivity, occupancy and other reasons that were not foreseen. Therefore the building would be still in
the stage of “commissioning”, or “extended commissioning.” When the HVAC systems stabilized with the
building, it would be considered “recommissioned”.
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- neither surpass the other’s importance, a series of careful decision-making involving its
stakeholders should result in satisfying and indeed amplifying both goals.
This research aims to establish a silhouette of policies and analyses to facilitate
such procedures of building renovation. Based on the information yielded from the
previous chapter, further research on post-occupancy should be conducted to supplement
a complete perspective. In addition, concerning the performance of technology, the
advancement in either skills or products could benefit the maintenance of historic
significance while enhancing performance, therefore an up-to-date awareness of available
technology is crucial. For example, the chilled beam systems, which are although common
abroad but still relatively new to the U.S. market, were installed parallel to the existing
fabrics in the Richards renovation and thus did not compromise historic significance.
The historical significance of Richards exemplifies the original form of the building
and Modern intent of the architect, but should not be ossified, and in its renovation was not.
A contemporary renovation with high energy-frugal awareness led Richards to a rare
occasion that respects values from all aspects. The experience of the Richards renovation
is not only beneficial to and deeply supportive of its own ongoing stewardship, but also
serves an exemplar to renovations to come in the future.
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Appendix A: Figures & Tables

Fig. 4: Corner glass (Louis I Kahn Collection, The University of Pennsylvania and
Pennsylvania Historical and Museum Commission. Photograph by Mildred Schmertz,
1965)
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Fig. 5: Library Renovation (Ballinger and Halkin/Mason Photography, 2019)

Fig. 6: Main Hall Renovation (Ballinger and Halkin/Mason Photography, 2019)
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Fig. 7: Louis Kahn frame development (Heintges, 2016)
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Fig. 8: Example of glass with 1/16” gap (RWDI, 2018)
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Fig. 9: Glazing system in axonometric exploded corner (Heintges, 2016)
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Fig. 10: Corner glass potential remediation comparison (Heintges, 2016)
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Fig. 11: Rhino model, Richards Building (Sung, 2020)
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Fig. 12: Rhino model, Tower D (Sung, 2020)
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Fig. 13: Rhino model, Tower D 5th floor (Sung, 2020)
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Fig. 14: Grasshopper simulation, context material property, defining masonry wall R values by referring to the wall thickness and k value for brick and concrete from ASHRAE 2017 (Sung, 2020)
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Fig. 15: Grasshopper simulation, glazing options property, defining different U value options according to Heintges and vacuum product specifications (Sung, 2020)
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Fig. 16: Grasshopper simulation, shoebox simulation condition, setting the assumptions of equipment load, lighting density, occupancy, ventilation and schedules according to ASHRAE 62.1-2016 (Sung, 2020)
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Fig. 17: Wall section of thermal bridging area in Goddard (AOS, 2017)
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Table 15: LEED 2009 for Existing Buildings Project Checklist
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Table 16: Richards Building meter data of the fiscal year 2016 (FRES)
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Table 17: Richards Building meter data of the fiscal year 2017 (FRES)
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Table 18: Richards Building meter data of the fiscal year 2018 (FRES)
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Table 19: Richards Building meter data of the fiscal year 2019 (FRES)
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Table 20: Evans Building meter data of the fiscal year 2015 (FRES)
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Table 21: Evans Building meter data of the fiscal year 2016 (FRES)
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Table 22: Evans Building meter data of the fiscal year 2017 (FRES)
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Table 23: Evans Building meter data of the fiscal year 2018 (FRES)
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Table 24: Evans Building meter data of the fiscal year 2019 (FRES)
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Appendix B: Selected Original Drawings of the Richards Building, University of Pennsylvania & Louis Kahn Architects
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Appendix C: Selected Renovation Drawings of the Richards Building, University of Pennsylvania & EYP Architects
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Appendix D: The Richards Renovation Glazing Option Comparison Reports, Heintges
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Appendix E: Selected Original & Renovation Drawings of the Evans Building, University of Pennsylvania & Ballinger Architects
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Appendix F: Selected Renovation Drawings of the Yale University Art Gallery, Yale University & Ennead Architects
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